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ABSTRACT 

S t u d i e s  have cont inued  i n  vacuum u l t r a v i o l e t  ?hof,olysis of 

hydrazine.  

n i t r o g e n  formed i s  through a molecular e l i n i n a t i o n  and r o t  x x o u g h  

p rev ious ly  considered r a d i c a l - r a d i c a l  combination. 

s tud ies  have concent ra ted  on developing s u i t a b l e  i c s t r u r . . x t a t i o n  f o r  

Resu l t s  have been obta ined  which skow t h a t  30;; of t h ~  

SkocX txbe  

p. . lLasuring 3 -  s imul taneous ly  t h e  abso rp t ion  of t h e  C2 Srziar, a.c; 3 2 s l a d r e s  

system behlnd t h e  silock f r o n t .  

i n t e n s e  ? h i l l i p s  emission has s t a r t e d  and r e s u l t s  t o  d a t e  are 

(1; i s  cus s e ci . 

Flash  l a q  develo?xect Tar  ;rG<-xifig 
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1. PHOTOCHEMISTRY: MOUCULAR ELIMINATION 
PHOTOLYSIS OF HYDRAZINE 

OF NITROGEN I N  THE 

The fol lowing s e c t i o n  has been submitted f o r  p u b l i c a t i o n  t o  t h e  

J o u r n a l  of  Chemical Physics.  
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L. J. S t i e f  and V. J. DcCarlo 
Fiesearch Division, Xelpar, Inc., F a l l s  Church, VirCir,ia 

Tbe  photochemistry of  hydrazine h a s  been reviewed1-3 i n  terxs ol 

p o s s i b l e  pr imary even t s  

(1) 

( 2 )  

N2H4 + hv -. N 2 H 3  f H 

4 2NH2 

w i t h  ni t rof :en formation being a t t r i b u t e d  t o  r a d i c a l - r a d i c a l  r e a c t i o n s  

( 3 )  

( h )  

2N2H3 -. N2 + 21\M3 

2NI12 112 + 2142 

7 T  i je w ish  t o  r e p o r t  r e s u l t s  of e iqe r imen t s  using mixturzs  of  hydrazine and 

hydrazine-X15 which p rov ide  evidence f o r  an e n t i r e l y  d i f f e r e n t  mechanism lor 

t h e  formation of n i t r o g e n  i n  t h e  p h o t o l y s i s  of hydrazine.  Other a s p e c t s  02 

hydrazine p h o t o l y s i s  .&ll be considered elsewhere. 4 
Sydrazine and hydrazine-N15 were prepared by p h o t o l y s i s  of axToni2 and 

amonia-NIS (97.3;; N15 - Merck, Sharp & Dohme of Canada Ltd.) r e s p e c t i v e l y .  

Sased on t h e  n i t r o g e n s  formed i n  t h e  p h o t o l y s i s  of iiydrazine-NIS a lone  

( t a b l e  l), t h e  compound i s  be t t e r  than  90% If's, 

were a.-ialyzed i n  a Consolidated 21-130 mass spectrometer .  

I s o t o p i c  n i t r o g e n s  produced 

Other e x ? e r i n e n t a l  

d c t a i l s  a r e  t h e  same as given p rev ious ly ,  5 

- _  
"This r e s e a r c h  was sup3orted by t h e  Kat ional  Aeronaut ics  ana S?ace Adx in i s t r a t ioa  

. under Con t rac t  NASr~-890. 

1. 
2 .  

3. 

he 
5. 

D. I h s a i n  and R.G:!$. Norrish,  Proc. Roy. SOC. A273, 1145 (1963). 
L. ?. Avdr ic th  and R. A. Ogg, " T h e  Chemistry or' l<ydrazine,l '  John . U e y  and 
Sons,  i n c . ,  ?Jew York, it. P., 1951. 
ti. A. Noyes, Jr. and ?. A. Leighton, "The Photochemistry oi' C - X ? S , ' ~  
Reinhold Publ ishing Gorp., New York, 11. Y., 194.l. 
L. J. S t i e f ,  V. J. DeCarlo, and 3. J. Mataloni ( t o  be pub1ici:zd). 

(1-96<\ - 

- 
- 

L- C J -  S t . ief ,  V. J. SeCarlo, ar;d 2. 2. i i l l l ~ ~ ~ n ,  d. Cheiii. Tl~yys. g, I ?  
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The p r i n c i p a l  r e s u l t s  are  sunnariaed i i ?  t a b l e  1, 3rox tt;o x~ , r : /  lot: y k l d  

. .  
of N229 it i s  e v i d e n t  t h a t  t h e  major po r t ion  of the Ri t rogen  producza i n  t h e  

o h o t o l y s i s  OF hydraz ine  i s  formed by molecular  e l imina t ion .  

photohyzed mixtures of hydraz ine  and hydrazine-NlS u s i n g  t h e  K r  rcsomnce l ims  

(1165% and 12368.) and wi th  a hydrogen d i scha rge  lam? f i t t e d  x i t h  a q c x t z  

uindow ( A  ,1950 8) .  
r,riC,L somewhat h iphe r  yields of N229. 

somewhat t o  t h e  inc reased  randomizat ion observed i n  t h e  12362 expe r i aen t .  

Ve have also 

Qual i ta t ively s i m i l a r  r e s u l t s  were o b t a i m d  i n  both czses 

Secondary p h o t o l y s i s  of a n o n i a  c o z t r i S u t e d  

The small amount of randomizat ion observed i n  t h e s e  experimects  (13,; vhen 

c o r r e c t i o n  i s  made f o r  N1b i n  t h e  hydrazine-Nl5) i s  n o t  c o n s i s t e n t  w i t n  an;- o f  

t h e  p r e v i o u s l y  sugges ted  mechanism of N2 formation.  

( r e a c t i o n  4) leads t o  100% randomizat ion i n  N2. 

( r e a c t i o n  3 )  probably  proceeds  via an in t e rmed ia t e  format ion  o f  t e t r a z a n e  

(N4Hg) and can l e a d  t o  from 50 t o  100% randomization depending on t h e  nscb.anisn 

of N2 e l i m i n a t i o n  from t e t r . a ~ a n e . ~ , ~  

Combination oi" KZ2 radicals 

Combination of ilr2iI3 r a d i c d s  

If c o r r e c t i o n s  are nade f o r  Na p r e s e n t  i n  o u r  hydrazine-NIS and Lf t h e  

mecbanisrn of N2H3 combination l e a d i n g  to 50% randoinization is  accepted,  7 

molecvlar  format ion  of N2 i n  t h e  pho to lys i s  of hydraz ine  accounts  f o r  90;; of  

t h e  N2 formed. 

rnechanisms of N EI 

kydrazine-R1s i s  neglec ted .  

Th i s  e s t i m a t e  is n o t  raised o r  lowered by rrLore than  io$ i f  o t h w  

combination are used o r  i f  t h e  c o r r e c t i o n  for X14 i n  t h e  2 3  

Xo lecu la r  format ion  of N2 i s  thus  est imated t o  account  f o r  30 2 lo?; of 

t h e  N2 formed i n  t h e  p h o t o l y s i s  of hydrazine.  

molecular  e l i m i n a t i o n  of N2 from hydrazine may be r ep resen ted  as 

The o v e r a l l  mechanism f o r  

2 



I 

(5) N H + l~ + N2 + I$ + 2H 2 4  

The first s t e p  mav be e i t h e r  removal o f  FI o r  H2 fol lowed by decom9osit- i o n  of 

e x c i t e d  i'J2H3 o r  N2H2. The o v e r a l l  p rocess  

would n o t  be c o n s i s t e n t  w i t h  ou r  observat ion4 t h a t  t h e  r a t i o  o f  N2 t o  H forxed 2 

i n  t h e  p h o t o l y s i s  o f  N H i n  t h e  presence of C2D4 is  u n i t y .  The p r o c e s s  
2 4  

( 7 )  N2H4 + hv -o N2 + LH 
0 

i s  e n e r g e t i c a l l y  p o s s i b l e  o n l y  below 154SA and would n o t  e x p l a i n  the r e s u l t s  

a t  h ighe r  wavelengths . 
An a l t e r n a t e  exp lana t ion  f o r  t h e  randomization i n  t h e  N2 formed i n  t h e  

p h o t o l y s i s  of hydrazine-hydrazine-NIS mixtures  would be t h e  d i s p r o p o r t i o n a t i o n  

of "JH3 r a d i c a l s  

(8)  N2H3 + N2H3 4 N2H2 + N2H4 

fol lowed by decomposition o f  N2H2 

( 9 )  N2H2 + N2 + H2 

The r e l a t ive  importance of d i r e c t  molecular e l i m i n a t i o n  and d i s p o p o r t i o n a -  

t i o n  of  N2H3 can n o t  be eva lua ted  a t  p re sen t .  

if d i s ? r o p o r t i o n a t i o n  of N2H3 l e a d s  t o  no randomization i n  N2 and conbinat ion 

o f  N H l eads  t o  50% r a n d o m i ~ a t i o n , ~  t h e  observed 13% randomization r e q u i r e s  

t h a t  if t h e s e  r e a c t i o n s  are t h e  o n l y  source of N2, t h e  r a t i o  of dispro2or-  

t i o n a t i o n  t o  combination f o r  N H i s  2.8. 

combination of N I-I 

of  NH2, which l e a d s  t o  100% randomization, c o n t r i b u t e s  apprec i ab ly  t o  iV2 

formation.  

of t h e  analogous hydrocarbon r a d i c a l ,  C ~ H S ,  

combination r a t i o  of 0.14. 

However, it should  be noted t h a t  

2 3  

T h i s  r a t i o  will be even h ighe r  if 2 3  

l e a d s  t o  g r e a t e r  than 50% randomization o r  i f  combination 2 3  

Zven t h e  m i n i m u m  va lue  of 2.8 i s  very high i n  comparison with t h a t  

which has a d i s p r o p o r t i o n a t i o n  t o  

'I 

8. J. A. Kerr and A. F. Trotman-Dickeson, Progr. React ion K i n e t i c s ,  1, 111 (1961). - 
3 



Regardless of t h e  re la t ive  c o n t r i b u t i o n  o f  Lkese  two s e c h a n i s ~ s ,  it i s  

ev iden t  t h a t  - c o n t r a r y  t o  previous sugges t ions  - t h e  major ? o r t i o n  of t h e  

n i t r o g e n  formed i n  the p h o t o l y s i s  of hydrazine i s  e l i n i n a t e d  from a s i n g l e  

molecule and n o t  formed by r a d i c a l - r a d i c a l  combination. 

Ide wish t o  thank Plr .  Walter Payne f o r  h i s  a s s i s t a n c e  i n  conducting t h e  

experiments and D r .  J. R. Mcniesby f o r  advice and comments. 

Table 1 

NITZOGEN FORMATION I N  TFE PIIOTOLYSIS OF I-IYDUZINE 

2 50 2 50 1470a 79.2 16.8 100 

2 50 2 50 a70a 95.0 18.9 100 

200 200 > 2000b 140.0 24.5 100 

a. Xe resonance lamp, s a p p h i r e  window. 
b. 1viedi-m p r e s s u r e  Hg lamp, q u a r t z  envelope. 

4 
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2. SHOCK TUBE STUDIES - COLLISIONAL ENERGY TRANSFER I N  FREE RADICALS 

I n t r o d u c t i o n  

The gases  p r e s e n t  i n  

u n t i l  r e c e n t l y  t h e  environment 

t h e  coma of a comet are extremely r a r e f i e d  and 

has been considered t o  be c o l l i s i o n  f ree  by 

many i n v e s t i g a t o r s .  

under q u e s t i o n O 2  

This  c o l l i s i o n l e s s  environment has  very r e c e n t l y  come 

The rates of some c o l l i s i o n a l  p rocesses  t h a t  would e f f e c t  

t h e  o b s e r v a t i o n a l  d a t a  are necessa ry  i n  o rde r  t o  evaluate t h e  importance of 

c o l l i s i o n s  i n  t h e  coma. 

c r o s s i n g  f o r  NH and C2 as w e l l  as t h e  e f f i c i e n c y  of v i b r a t i o n a l  r e l a x a t i o n  of 

C2 are two such processes ,  S ince  t h e  only observed emissions f o r  NH and C2 

o r i g i n a t e  i n  t r i p l e t  systems, a knowledge of t h e  efficiency of  t h e  s i n g l e t -  

The c o l l i s i o n a l  e f f i c i e n c y  of a s i n g l e t - t r i p l e t  

t r i p l e t  c o l l i s i o n a l  i n t e rchange  coupled with o b s e r v a t i o n a l  d a t a  would he lp  set 

an upper l i m i t  on t h e  number of p o s s i b l e  c o l l i s i o n s .  This  i s  p a r t i c u l a r l y  t rue 

of C2 where a r e c e n t  estimate has r e s u l t e d  i n  t h e  conclusion t h a t  i f  t h e  

s i n g l e t  and t r i p l e t  systems were e q u i l i b r a t e d  i n  t h e  coma, emission o f  t h e  

P h i l l i p s  system should b e  more i n t e n s e  than t h e  Swan ~ y s t e m . ~  Also, a 

knowledge of t h e  r e l a x a t i o n  time f o r  C2 would h e l p  evaluate t h e  p o t e n t i a l  

s u c c e s s  of a t t empt ing  t o  s p e c t r o s c o p i c a l l y  obse rve  d i s c r e p a n c i e s  i n  t h e  

v i b r a t i o n a l  popu la t ions  of t h e  C2 r a d i c a l  i n  t h e  i n n e r  coma. 4 

A shock tube  program has been i n i t i a t e d  t h i s  year t o  measure t h e  

rates of t h e  above p rocesseso  I n i t i a l  work i s  concerned w i t h  t h e  t r i p l e t -  

s i n g l e t  i n t e r c h a n g e  f o r  C2. S p e c i f i c a l l y ,  t h e  work i s  d i r e c t e d  toward measuring 

t h e  rates of t h e  fo l lowing  processes:  
, ., 

Direc ted  toward t h i s  a i m ,  simultaneous abso rp t ion  measurements of t h e  Swan and 

Deslandres  systems of C2 are being conducted behind t h e  shock f r o n t ,  

t u b e  and a s s o c i a t e d  e l e c t r o n i c  and o p t i c a l  components have been f u r t h e r  modified 

The shock 

5 



t h i s  q u a r t e r  i n  o r d e r  t o  circumvent s e v e r a l  experimental  problems t h a t  have 

become apparent  under a c t u a l  operat ion.  Work has produced abso rp t ion  of t h e  

Swan bands i n  t h e  r e f l e c t e d  shock r eg ion  but has f a i l e d  t o  show d e f i n i t i v e  

abso rp t ion  i n  t h e  i n c i d e n t  shock. The f l a s h  lamps developed last  quarter t o  

produce t h e  Swan and Deslandres systems of C2 i n  emission have been s t u d i e d  i n  

hope of producing t h e  P h i l l i p s  system. 

m e r i m e n t a l  

A diagram of t h e  e l e c t r o n i c  and o p t i c a l  equipment a s s o c i a t e d  w i t h  

t h e  15' .Guminurn shock t u b e  i s  rep resen ted  i n  t h e  p rev ious  q u a r t e r l y  r e p o r t o  5 

I n i t i a l  experiments demonstrated t h a t  t h e  Bausch & Lomb Monochromators used i n  

t h e  o r i g i n a l  arrangement were n o t  of adequate r e s o l u t i o n  t o  completely s e p a r a t e  

t h e  3852.2A band head corresponding t o  t h e  0-0 t r a n s i t i o n  o f  t h e  Deslandres 

system from t h e  i n t e n s e  3871.311 band head of CH a l s o  p r e s e n t  i n  t h e  lamp 

0 

0 

emission. 

a s i n g l e  Bass-Kessler g r a t i n g  spectrograph having a d i s p e r s i o n  of 26 A/mm i n  

second o r d e r .  

Because of t h i s  d i f f i c u l t y  t h e s e  monochromators were r ep laced  by 
0 

A p a i r  of t r a v e l i n g  exit sl i ts  f i t t e d  t o  t h e  spec t rog raph  were 

set a t  t h e  d e s i r e d  wavelengths and the absorpt ion i n t e n s i t i e s  aga in  monitored 

w i t h  two 1P21 pho tomul t ip l i e r  tubes. 

u s e  resul t  i n  a r e s o l u t i o n  of 3.31 and the  in s t rumen t  has c a p a c i t y  f o r  f u r t h e r  

r e s o l u t i o n  i f  r equ i r ed .  

The 125 micron exit s l i ts  p r e s e n t l y  i n  

Using t h e  above spectrograph,  runs have been conducted t o  measure 

a b s o r p t i o n  of t h e  Swan and Deslandres bands, 

i n  argon behind t h e  i n c i d e n t  shock and ace ty l ene  i n  argon behind bo th  t h e  

i n c i d e n t  and r e f l e c t e d  shock have been inves t iga t ed .  

l a s t  q u a r t e r  were r e - i n v e s t i g a t e d  i n  an at tempt  t o  produce P h i l l i p s  band 

Varying compositions of e thy lene  

The f l a s h  lamps developed 

emission. Spec t rog raph ic  r e c o r d s  f o r  the lamp emissions under varying c o n d i t i o n s  

6 



of  g a s  composition, t o t a l  p r e s s u r e  and geometry were recorded on I - N  

s p e c t r o s c o p i c  p l a t e s .  

of hydrogen was a l s o  examined using I - N  hype r sens i t i zed  p l a t e s .  

A new lamp containing carbon e l e c t r o d e s  f i l l e d  t o  20 Tor r  

R e s u l t s  and Discussion 

S t u d i e s  t h i s  q u a r t e r  demonstrated t h a t  t h e  experimental  equipment w a s  

However, no abso rp t ion  could be d e t e c t e d  i n  t h e  i n i t i a l  runs  ope ra t iona l .  

w i t h  ethylene-argon mixtures. 

C2 f o r  abso rp t ion  measurements would n o t  be produced unless t h e  p a r t i c l e  

t rave l  t i m e  a t  t h e s e  temperatures  was s u f f i c i e n t  t o  a l l o w  a p p r e c i a b l e  dehydro- 

g e n a t i o n  of t h e  e thy lene  t o  occur  before t h e  heated g a s e s  reached t h e  

o b s e r v a t i o n  window. Because of t h i s  p o s s i b i l i t y ,  subsequent abso rp t ion  work 

was conducted us ing  mixtures  of a c e t y l e n e  i n  argon even though t h e  u s e  of 

a c e t y l e n e  would r e s u l t  i n  more e x t e n s i v e  soot  formation i n  t h e  shock tube and 

t h e r e f o r e  more f r e q u e n t  disassembly and cleaning. However, subsequent work 

w i t h  a c e t y l e n e  aga in  f a i l e d  t o  produce any measurable abso rp t ion ,  

conducted i n  t h e  r e f l e c t e d  shock r e g i o n  of higher  d e n s i t y  has  more r e c e n t l y  

produced a p p r e c i a b l e  abso rp t ion  ( I o / I b  2). 

and ref lected shock t h e r e f o r e  demonstrate t h a t  t h e  s e n s i t i v i t y  of t h e  equipment 

i s  p r e s e n t l y  inadequate  f o r  t h e  necessa ry  measurements i n  t h e  i n c i d e n t  shock 

region.  

t h e  shocked gas  i s  inadequa te  t o  produce apprec i ab le  a b s o r p t i o n  o r  t h e  s p e c t r a l  

l i g h t  of t h e  f l a s h  lamp be ing  used f o r  absorpt ion c o n t a i n s  i n t e n s e  r o t a t i o n a l  

l i n e s  corresponding t o  levels  t h a t  a r e  not a p p r e c i a b l y  popu la t ed  i n  t h e  shock 

tube.  

p r e s e n t  d i f f i c u l t y .  

In  t h e s e  runs, a high enough concen t r a t ion  o f  

Ekperiments 

These measurements i n  t h e  i n c i d e n t  

T h i s  could b e  due t o  e i t h e r  t h e  f a c t  t h a t  t h e  c o n c e n t r a t i o n  of C2 i n  

These p o i n t s  w i l l  be examined more c a r e f u l l y  i n  o r d e r  t o  eliminate t h i s  

7 



Absorption of t h e  Swan and Deslandres systems i n  t h e  shock tube will 

r e s u l t  i n  information on t h e  temporal  behavior of t h e  X3nu and t h e  b l n u  states 

of C2. 

i n fo rma t ion  on t h e  ground s t a t e  C21Cg+ and t h e r e f o r e  t h e  r o l e  o f  t h i s  s tate i n  

s i n g l e t - t r i p l e t  c o l l i s i o n a l  i n t e r c h a n g e  could be d i r e c t l y  s tud ied .  

o f  t h i s  system i n  abso rp t ion  would be f a c i l i t a t e d  by development of  t h e  

c h a r a c t e r i s t i c  emission i n  an i n t e n s e  lamp. 

develop t h i s  system i n  lamps s i m i l a r  t o  t h o s e  used f o r  t h e  Deslandres and Swan 

systems as w e l l  as a new lamp i n c o r p o r a t i n g  carbon e l e c t r o d e s  and f i l l e d  w i t h  

hydrogen. 

Absorption of t h e  P h i l l i p s  bands i n  t h e  shock heated gas  would y i e l d  

Measurement 

Work has t h e r e f o r e  proceeded t o  

Enhanced formation of t h e  P h i l l i p s  system i n  a lamp would result  

from t h e  product ion of a higher  concen t r a t ion  of b l n u  i n  an atmosphere where 

t h e  ra te  of c o l l i s i o n a l  quenching o f  t h e  s ta te  was smaller than  t h e  ra te  of 

t h e  r a d i a t i v e  t r a n s i t i o n .  

Swan o r  Deslandres systems sugges t s  t h a t  t h e  upper b l n u  s ta te  i s  longe r  l i v e d  

t h a n  e i t h e r  t h e  c k g  o r  t h e  a h g  states. 

lower t o t a l  p r e s s u r e s  i n  t h e  lamps i n  o rde r  t o  dec rease  t h e  rate of a p o s s i b l e  

c o l l i s i o n a l  d e a c t i v a t i o n  p rocess  b u t  t h i s  d i r e c t i o n  d i d  n o t  produce enhanced o r  

obse rvab le  P h i l l i p s  emission. 

The fact  t h a t  t h i s  system i s  weaker than  e i t h e r  t h e  

Work was t h e r e f o r e  c a r r i e d  o u t  a t  

Experiments were also conducted i n  an attempt t o  i n c r e a s e  t h e  ra te  of 

p roduc t ion  o f  t h e  b 1 nu state d i r e c t l y  by d i scha rg ing  v a r i o u s  o r g a n i c s  i n  t h e  

lamp as w e l l  as by employing d i f f e r e n t  r a r e  gases  t h a t  might be more effective 

i n  c o l l i s i o n a l l y  exchanging t h e  t r i p l e t  s ta tes  t o  s i n g l e t  states. 

e f f i c i e n c y  of t h e s e  c o l l i s i o n s  would be enhanced by t h e  heav ie r  rare  gases  w5th 

lower e x c i t a t i o n  levels.  

s t e a d y  s t a t e  l a m p  used by B a l l i k  and Ramsej6 has a l s o  been s t u d i e d  f u r  t h i s  

emission. 

The 

A f l a s h e d  carbon arc i n  hydrogen similar t o  the 



The e f f o r t s  t h i s  q u a r t e r  on product ion of an i n t e n s e  c h a r a c t e r i s t i c  

l i n e  sou rce  lamp f o r  P h i l l i p s  emis s ionhaveno t  proven f ru i t fu l .  The l a c k  of 

sensi t ivi ty  of s p e c t r o g r a p h i c a l l y  recording t h i s  n e a r  i n f r a r e d  r a d i a t i o n  

coupled w i t h  a l a c k  of knowledge o f  t h e  r e l a t i v e  t r a n s i t i o n  p r o b a b i l i t i e s  

f o r  t h e  d i f f e r e n t  v i b r a t i o n a l  bands c o n s t i t u t e  two r easons  f o r  t h i s  d i f f i c u l t y ,  

Fu tu re  work will r e q u i r e  u s e  of more s e n s i t i v e  p l a t e s  i n  hope of s e e i n g  t h e  

lower v i b r a t i o n a l  t r a n s i t i o n  of p o t e n t i a l l y  higher  s t r e n g t h .  
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